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ABSTRACT OF THE DISCLOSURE 
New diglycidyl ethers of polyhydroxy phenols, having 

all available aromatic hydrogen atoms substituted by 
?uorine are useful for producing poly?uorinated epoxy 
resins having an improved water resistance. The new poly 
?uoroepoxides have the formula: 

where: 

R is lower alkylene hydrocarbon radical; 
Ar is a per?uorinated aromatic hydrocarbon radical; 
E is the radical 

n an integer, is zero or more, with the proviso that n is 
zero when Ar is per?uorobiphenyl. 

Preferred curing agents for the new ethers have the 
formula: 

X is a per?uorinated hydrocarbon radical; 
R is a hydrocarbon radical selected from the group con 

sisting of methylene, ethylene, phenylene and lower 
alkyl derivatives thereof; 

11 is the integer 0 or 1 and wherein X is per?uorophenyl 
and per?uorobiphenyl when n is zero; 

Z is an epoxy curing radical. 

A speci?c example of a useful resin is the reaction prod 
uct of 4,4’-dihydroxy-octa?uorobiphenyl diglycidyl ether 
and tetra?uoro-m-phenylene diamine. 

The invention described herein may be manufactured 
and used by or for the Government of the United States 
of America for governmental purposes without the pay 
ment of any royalties thereon or therefor. 

BACKGROUND OF THE INVENTION 

Field of the invention 

The present invention relates generally to improved 
epoxy resins, and more particularly pertains to new and 
improved poly?uoroepoxides, namely diglycidyl ethers of 
polyhydroxy phenols, having all available aromatic hy~ 
drogen atoms substituted by ?uorine. The new ethers are 
cured with polyfunctional epoxide curing agents, pref 
erably a curing agent having a per?uorinated hydrocarbon 
nucleus, to yield epoxy plastics with improved resistance 
to water. 

Description of the prior art 
In the ?eld of ?lament winding, it has been general 

practice to employ epoxy resins as binders. Filament 
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wound articles, prepared with conventional epoxy resins, 
exhibit undesirable changes in physical properties in the 
presence of water or water vapor. Water diffuses into 
the epoxy resin and in effect lubricates the internal struc 
ture in a manner believed similar to that of plasticizers. 
All moduli such as tensile, compressive, or ?exural 
strength of the epoxy decrease. Water causes a general 
reduction in the adhesiveness of the epoxy. Cohesiveness 
of manufactured articles is reduced. In addition to the 
adverse effect of water on conventional epoxies, many 
of these plastics are combustible at high temperature. 

SUMMARY OF THE INVENTION 

The poly?uoroepoxides produced from the novel poly 
glycidyl ethers of polyhydroxy phenols, having all avail 
able aromatic hydrogen atoms substituted by ?uorine, 
have exceptional resistance to diffusion of water, and ex 
hibit improved tensile strength, ?exural, and compressive 
strength in the presence of water. Adhesiveness is im 
proved considerably by a reduction in the adverse effect 
of water on epoxy-substrate bonds and by formation of 
initially better bonds with the substrate due to the low 
surface tension of the resins. In addition, the new resins 
have exceptional ?ame resistance with some incapable 
of supporting combustion. 
The diglycidyl ethers and resins of this invention are 

particularly useful for fabricating coatings and glass ?ber 
wound objects and are generally useful wherever water 
resistance, tough, non-?ammable coatings are desired. 
Another advantage of the present diglycidyl ethers is their 
property of curing with various conventional and ?uori 
nated curing agents to produce either fhermosetting, 
thermoplastic, or elastomeric type compounds. 
An object of the present invention is to provide im 

proved water resistant epoxy resins having ?uorine atoms 
substituted for all hydrogen atoms connecting to the 
aromatic ring of the new compound. 
Another object is to provide epoxy resin having ap 

preciably lower surface tensions. 
A further object of the invention is the provision of 

improved surface wetting and adhesive strength. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The polyglycidyl ethers useful in the practice of this 
invention, are the diglycidyl ethers of aromatic dihydroxy 
compounds, having all available aromatic hydrogen atoms 
substituted by ?uorine, for example, tetra?uorodiphenols 
such as tetra?uororesorcinol, dihydroxyocta?uorobi 
phenyls such as 4,4’ - dihydroxyocta?uorobiphenyl and the 
like. 
The new ethers may be cured with any of standard 

of epoxy curing agents, such as, aliphatic and aromatic 
polyamines, polybasic organic acids and acid anhydrides, 
tertiary amines, inorganic acids, many organic compounds 
with two or more active hydroen atoms, most Lewis 
acids and Lewis bases, and the like. Particularly preferred 
are poly?uorinated epoxy curing agents having a per 
?uorinated aliphatic or aromatic nucleus. Such curing 
agents have the formula: 

where: 

X is a ?uorinated hydrocarbon radical selected from the 
group consisting of per?uorophenyl, -biphenyl and 
-alkylene, 

R is a hydrocarbon radical selected from the group consist 
ing of methylene, ethylene, phenylene and lower alkyl 
derivatives thereof, 

It is an integer of 0 or 1 and wherein X is per?uorophenyl 
and per?uorobiphenyl when n is zero, 
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Z is an epoxy curing radical selected from the group con 
sisting of 

-0 
II 
o 

where R’ is hydrogen or lower alkyl and with the further 
proviso that X is per?uorophenyl and -phenyl when 
Z is 

0 
|| 
C 
\ 
0 

ll 
0 

By per?uorinated nucleus I mean a bivalent aliphatic 
or aromatic hydrocarbon radical wherein all the hydro 
gen atoms have been replaced by ?uorine atoms and 
wherein the two valences are directly attached to a hy 
drocarbon radical (R) used to separate the per?uorinated 
nucleus from the reactive terminal curing groups. 

Speci?c examples of the above perferred poly?uorinated 
epoxy curing agents are: 

Aliphatic polyamines having at least one carbon atom 
completely ?uorinated and that carbon being separated 
from the reactive curing radical by a hydrocarbon group 
such as methylene, ethylene, phenylene or lower alkyl 
(one to six carbon) derivatives thereof, such as 3,3,4,4 
tetra?uoro-1,6 hexane diamine, 2,2,3,3,4,4,5,5-octa?uoro 
1,6 hexane diamine, 1,4-dipropyl-2,2,3,3 tetra?uoro-1,4 
butane diamine, 2,2 di - ?uoro - 1,3 propane di(methyl 
amine) 3,3-di?uoro-1,5-pentane diamine, 1,3-bis(4,4’ di 
aminophenylene) 1,2,2,3 tetra?uoropropane and the like. 

Per?uorinated aromatic polyamines such as tetra?uoro 
m-phenylene diamine, tetra?uoro-p-phenylene diamine, 
4,4’-diamine octa?uorobiphenyl, or the like; 

Polybasic aromatic organic acids and anhydrides, such 
as, di?uoropyromellitic dianhydride, tetra?uoroisophthalic 
acid, 4,4’ octa?uoro-biphenyl dicarboxylic acid, hexa 
?uorobiphenyl-3,3',4,4’-tetracarboxylic acid, and the like; 

Polybasic aliphatic organic acids such as 3,3-di?uoro-1, 
5 pentane dioic acid, 2,2,3,3,4,4,5,5-octa?uoro~1,6 hexane 
dioic acid, 1,1,4,4 - tetrahydro 2,2,3,3 tetra?uoro - 1,4 
butane dioic acid, per?uoropentylene dibenzoic acid and 
the like; 

Polyhydroxy per?uorinated aliphatic hydrocarbons such 
as per?uoromethylbisphenol A, 2,2,3,3,4,4-hexa?uoro-1, 
S-pentanediol, 3,3,4,4-tetra?uoro - 1,6 - hexane diol, per 
?uoropropylene diphenol, 1,4 dipentyl 2,2,3,3 tetra?uoro 
1,4 butane diol and the like; 
Polyhydroxy per?uorinated aromatic hydrocarbons, 

such as tetra?uororesorcinol, tetra?uorohydroquinone, 
4,4’-dihydroxyocta?uorobiphenyl, and the like. 

Also useful are polyfunctional poly?uorinated curing 
agent, wherein the reactive terminal curing groups differ, 
for example, 4-amino, 4' - hydroxy - octa?uorobiphenyl, 
l-amino, 3-hydroxy-tetra?uorobenzene, hydroxy, 2,2,3,3, 
4,4,5,5-octa?uoro-6-arnino hexane, or the like. 
The new diglycidyl ethers are prepared by reacting, 

in the presence of aqueous base, epichlorohydrin or other 
suitable oxirane compound having a 1,2 epoxy ring, with 
a polyhdroxy phenol, having all aromatic hydrogen atoms 
substituted by ?uorine atoms. A solvent, such as meth 
anol, acetone or other water soluble organic material may 
be added to help maintain reactants in solutions in the 
aqueous phase. 
The reaction is carried out at ambient pressure with 

step-wise addition of caustic under re?ux. When treating 
diphenols the reaction is quite exothermic and may re 
quire cooling instead of re?ux during addition of the 
caustic. From two to thirty equivalents, preferably ten 
to ?fteen equivalents of the oxirane are used per equiv 
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alent of the per?uoropolyhydroxy phenol. From one to 
1.1 of caustic are employed. 
After reaction time of one hour or more, the phases 

are separated and the aqueous phase discarded. 
The resulting ether material is stripped of excess oxirane 

and solvent of ?ltered, if necessary, to remove solid resi 
dues. Methanol, acetone, benzene or other suitable sol 
vent may be added if desired, to dilute the ether prior 
to ?ltration. The ?ltered solution is concentrated under 
vacuum and may be molecularly distilled to prepare purer 
ethers. 
The new diglycidyl ethers are cured with any conven 

tional epoxy curing agents, preferably with a curing agent 
having a per?uorinated nucleus as previously described. 
In general, the epoxy resin is prepared by blending the 
diglycidyl ether and curing agent in such ratios that there 
is 1:1 equivalent epoxide functional groups and reac 
tion curing agent hydrogens. In practice the ratio of 
epoxide and curing agent may be from 90 to 110 percent 
of theoretical equivalent. The blend is maintained at room 
temperature or above, say to 100° C. until a gel forms. 
Reaction time to the “B” stage depends on the temperature 
selected. The B stage gel is then cured by heating be 
tween 100°~180° C. for 2 hours to 10 hours. A ?nal cure 
is usually necessary at 140° C. to 180° C. for 12 hours 
to 24 hours, preferably at 160° C. for 16 hours. For very 
high molecular weight intermediates, higher blending and 
curing temperature may be necessary, as well as longer 
curing times. 
Where the intermediate reactants are solids at room 

temperature the diglycidyl ethers and curing agent may 
be separately powdered and mixed to form a solid mix 
ture which may be stored inde?nitely and is cured by 
simply heating to reaction temperature. If one or more 
of the reactants are in liquid form they are preferably 
blended below 100° C. to prevent excessively rapid curing. 
The following speci?c examples are included as typical 

of the method by which the novel epoxides and resins 
of this invention are made, but are not intended to limit 
the scope of the invention. 

EXAMPLE 1 

77 g. (0.23 mole) of 4,4’-dihydroxy octa?uorobiphenyl 
(which can be prepared according to the procedure de 
scribed in Chemical Abstracts 62:9040d, 1965), 215 g. 
(2.33 mole) of epichlorohydrin, 215 g. acetone and 30 g. 
of water are placed in a 1000 ml. three-necked ?ask ?tted 
with a mechanical stirrer, re?ux condenser and addition 
funnel. The solution is stirred and heated to re?ux while 
20.5 g. (0.513 mole) NaOH in a 20% solution in distilled 
water is added in increments, M5 the volume, every ?fteen 
minutes. After the ?fth addition, the phases are allowed 
to separate and the aqueous layer is drawn off and dis 
carded. The last addition of alkali is made, 15 minutes 
re?ux is continued, and the aqueous phase is again re 
moved. The resulting solution is stripped of acetone and 
excess epichlorohydrin in a rotary evaporator. 250 ml. 
of absolute methanol is added to the residue to dissolve 
all but precipitated sodium chloride. Methanol is removed 
by ?ltration, and the clear ?ltrate solution is cooled to 
about —10° C. to crystallize. Three additional recrystalli 
zation yielded a white, somewhat waxy, crystalline mate 
rial, M.P. 75—77° C. - 

Theoretical analysis.—C, 48.88%; F, 34.36%; H, 
2.28%. Epoxy equivalent weight 221. Found: C, 49.15%; 
F, 34.43%; H, 2.50%. Epoxy equivalent weight 242. 

EXAMPLE 2 

Synthesis of tetra?uororesorcinol diglycidyl ether 

30.0 g. (0.165 mole) tetra?uororesorcinol (which can 
be prepared according to the procedure described by 
Pummer and Wall, Journal of Research of the National 
Bureau of Standards, volume 68A, No. 3, p. 277, May 
lune 1964). 213 g. (2.31 mole) epichlorohydrin and 1 
ml. of water are placed into a l-necked, round-bottom 
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?ask (500 ml.) and stirred with a magnetic stirrer. The 
reaction is requiring exothermic cooling in a water bath. 
16 g. (0.4 mole) of sodium hydroxide is added over a 2 
hour period to the stirred solution. It is then heated to 
110° for an additional two hours and allowed to stand at 
room temperature for 16 hours. Excess epichlorohydrin 
is removed on a rotary evaporator. The residue is ex 
tracted with 100 ml. of boiling benzene, and a chocolate 
brown residue ?ltered and discarded. The ?ltrate is evapo 
rated in the rotary evaporator. The ?ltrate residue is 
passed through a molecular still at 100° C. and 200-300 
microns Hg pressure to strip remaining solvent and epi 
chlorohydrin, 48- g. of a brown viscous residue is ob 
tained. This residue is distilled at 180° C. and 200 mi 
crons to yield a slightly yellow liquid product. 
T heoretical. analysis (m0n0mer).—C, 48.98%; F, 

25.83%; H, 3.42%. Epoxy equivalent Weight 147. Found: 
C, 48.05%; F, 22.69%; H, 5.02. Epoxy equivalent weight, 
250. 
The recovered tetra?uororesorcinol diglycidyl ether is 

a mixture of monomer and polymer predominately the 
dimer. 

EXAMPLE 3 

Cure of octa?uorobiphenyl 4,4’ diglycidyl ether with tetra 
?uoro—m-phenylene diamine 

A stoichiometric quantity of the diglycidyl ether (0.23 
g.) and the diamine (0.042) are dissolved together on a 
warm hot plate by melting. The solution is heated to 80° 
C. for 24 hours during which time the plastic gelled. In 
termediate cure is used from six hours at 140° and a 
?nal cure is made at 160° C. for 16 hours. The product 
is a dark brown, strong thermo plastic. 

EXAMPLE 4 . 

Cure of tetra?uororesorcinol diglycidyl ether with tetra 
v ?uoro-m-phenylene diamine 

A stoichiometric quantity of the diglycidyl ether -(25.0 
g.) and diamine (4.5 g.) are dissolved at about room tem 
perature and stored with gelation. The gelled resin is then 
cured for six hours at 140° C. and 16 hours at 160° C. 
The product is a brown thermo setting resin. 

EXAMPLE 5 
Cure of tetra?uororesorcinol diglycidyl ether with 2,2,3,3, 

4,4,5,5-octa?uoro-1,6 hexane diamine 
A stoichiometric quantity .of the ether and diamine are 

mixed and a solution found._ The solution is maintained 
at 25° C. until gelation occurs. Curing is done at 125° C. 
for three hours and 140° C. for three hours. The cured 
plastic is a thermo setting useful for fabricating water 
resistant coatings and ?ber Wound articles. 

EXAMPLE 6 

Cure of octa?uorobiphenyl 4,4’ diglycidyl ether with 4,4’ 
dihydroxy octa?uorobiphenyl 

0.66 g. of the ether and 0.66 g. of its diphenolic inter 
mediate are melted and blended to form a solution. The 
mixture is cured at 100° C. for two hours, 120° C. for 
twenty hours, and 165° C. for twenty-four hours. The 
resulting, cured plastic is a clear, light brown thermo 
plastic soluble in acetone. The plastic is useful in ?lms 
and extrusions in which the aromatic ?uorine atoms im 
prove wetting and temperature stability relative to hydro 
carbon analogs. 

EXAMPLE 7 

Cure of octa?uorobiphenyl 4,4’ diglycidyl ether with 2,2, 
3,3,4,4-hexa?uoro-1,S-pentane diol 

1.25 g. of the epoxy and 0.5 g. of the diol are melted 
together in a closed vial. The mixture is cured at 90° C. 
for 20 hours, 120° C. for 20 hours, and 165° C. for 24 
hours. The product is a tough, light-brown elastomeric 
plastic. (The plastic is useful for fabricating seals and 
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gaskets having excellent resistance to water and hydro 
carbons.) ’ 

When the new diglycidyl ethers of per?uoropolyhy 
droxyphenols are cured with ?uorinated epoxy curing 
agents, a new class of ?uorinated epoxy resins is pro 
duced. These resins being extremely resistant to sorption 
of Water and exhibit physical properties which are not 
appreciably changed by the action water. Most signi? 
cant properties of these resins are the excellent tensile, 
compressive and ?exural strength and adhesiveness of 
the resins in the presence of water. 

Another advantageous characteristic of the polymers 
of this invention, is that the type of plastic produced 
may be varied by the curing agent employed. For in 
stance, Where poly?uorinated amines are employed 
thermosetting epoxy resins are produced, that are ex 
tremely useful for producing Fiberglas wound articles. 
Where per?uorinated dihydroxyphenol curing agents are 
employed, thermoplastic epoxy resins are produced for 
use in ?lms and coatings where improved stability and 
temperature resistance is desired. Where poly?uorinated 
hydrocarbon diols are employed elastomeric plastics are 
produced, having uses as seals and gaskets. 
What is claimed and desired to be secured by Letters 

Patent of the United States is: 
1. Poly?uoroepoxides of the formula; 

where Ar is a ?uorinated hydrocarbon radical selected 
from the group consisting of per?uorophenylene and per 
?uorobiphenylene. 

2. The per?uoroepoxide of claim 1, in which the com 
pound is tetra?uorooresorcinol diglycidyl ether. 

3. The poly?uoroepoxide of claim 1, in which the com 
pound is 4,4'-dihydroxy-octa?uorobiphenyl diglycidyl 
ether. 

v4. A resin composition comprising a poly?uoroepoxide 
of the formula: 

wherein Ar is a ?uorinated hydrocarbon radical selected 
from the group consisting of per?uorophenylene and per 
?uorobiphenylene, and a polyfunctional epoxide curing 
agent. 

5. The composition of claim 4, in which the polyfunc 
tional epoxide curing agent is of the formula: 

where X is a ?uorinated hydrocarbon radical selected 
from.the group consisting of per?uorophenylene, per— 
?porobiphenylene, and per?uoroalkylene, where R is 
a hydrocarbon radical selected from the group consist 
ing of methylene, ethylene, phenylene and lower alkyl 
derivatives thereof; n, an integer, is 0 to 1 and where Z is 
an epoxide curing radical selected from the group con 
sisting of 

and NR'2, where R’ is selected from the group con 
sisting of hydrogen and lower alkyl, provided that when n 
is zero X is selected from the group consisting of per 
?uorophenylene and perfluorobiphenylene; and further 
provided that when X is selected from the group con 
sisting of per?uorophenylene and per?uorobiphenylene, 
n is 0; provided that when Z is 
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n is 0 and X is selected from the group consisting of 

6. The composition of claim 4, in which the poly 
functional epoxide curing agent is of the formula: 

O O 

where X is a tetravalent radical selected from the group 
consisting of 

F 

F 

and 
IF FF 

FF F:| 
7. The composition of claim 5, in which the poly?uoro 

epoxide is 4,4’-dihydroxyocta?uorobiphenyl diglycidyl 
ether. 

8. The composition of claim 7, in which the curing 
agent is an aromatic diamine. 

9. The composition of claim 8, in which the curing 
agent is tetra?uoro-m-phenylene diamine. 

10. The composition of claim 7, in which Z of the 
curing agent is —OH. 

11. The composition of claim 10, in which the curing 
agent is 4,4’-dihydroxyocta?uorobiphenyl. 

12. The composition of claim 10, in which the curing 
agent is a per?uoroalkanediol in which R is methylene, 
n is one, and X is per?uoroalkylene having one or more 
carbon atoms. 

13. The composition of claim 5, in which the poly 
?uoroepoxide is a diglycidyl ether of tetra?uororesorcinol. 

14. A ‘process for producing an epoxy resin having 
improved water resistance comprising reacting a mixture 
of a diglycidyl ether of a dihydroxy phenol having all 
available aromatic hydrogen atoms substituted ‘by ?uorine 
with a polyfunctional epoxy curing agent for a time 
sufficient to cure the resin. 

15. The process of claim 14, in Which the epoxy curing 
agent is of the formula: 

where; X is a ?uorinated hydrocarbon radical selected 
from the group consisting of per?uorophenylene, per 
?uorobiphenylene, and per?uoroalkylene, where R is a 
hydrocarbon radical selected from the group consisting 
of methylene, ethylene, phenylene and lower alkyl deriva 
tives thereof; n, an integer, is 0 to 1 and where Z is an 
epoxide curing radical selected from the group consisting 
of OH, 

‘1? 
—0-0H 

and NR'2, where R’ is selected from the group Consist 
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ing of hydrogen and lower alkyl, provided that when 
is zero, X is selected from the group consisting of per 
?uorophenylene and per?uorobiphenylene; and further 
provided that when X is selected from the group con 
sisting of per?uorophenylene, and per?uorobiphenylene, 
n is 0; provided that when Z is 

16. The process of claim 14 in which the polyfunc 
tional epoxide curing agent is of the formula, 

0 o 
| 

where X is a tetravalent radical selected from the group 
consisting of 

and 

17. The composition of claim 6 in which the poly 
?uoroepoxide is 4,4'-dihydroxyocta?uorobiphenyl diglyc~ 
idyl ether. 

18. The composition of claim 6 in which the poly?uoro-v 
epoxide is a diglycidyl ether of tetra?uororesorcinol. 
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